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(54) CARBOXYLIC ACID ESTER SYNTHESIS CATALYST AND METHOD FOR PRODUCING 
CARBOXYLIC ACID ESTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a carboxylic acid ester synthesis catalyst more excellent in 
catalytic activity. 

SOLUTION: The carboxylic acid ester synthesis catalyst used in a reaction which synthesizes a 
carboxylic acid ester by reacting an aldehyde with an alcohol in the presence of oxygen has ultrafine gold 
particles of <6 nm average particle diameter supported on an inorganic oxide carrier. 
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1 

[«HHF»*«>«BH] 

[ff*il 2 ] MttlBfefctoffifttf*, M g , C a , S r , B 
a, A 1 , Si, Ti, V, C r , Mn, F e , Co, 
N i , Cu, Z n , Z r , N b , S n , Pb> La 

cec>4< 1 t> imnjtm^tsmitm^htjihm^ 10 
nmms] mmmt^mK M g , c a , sr, b 

a, A 1 , Ti, V, C r , Mn, F e, Co, Ni, 
Cu, Zn, Zr, Nb, Sn, Pb, LaWCeO 

'>ft< tbiatsi £«r£tfiMfc«a»e>fcaii!#jf 1 

/W/K>^^x/^fi5cffl«o 20 

[0001] 

[0 0 0 2] 30 

[0 0 0 3] K/i^^/^'^^^x/i'Sr^-fiS; 

[0 0 0 4] WA-tf, t*0??6Tt7^l: K£TA- 
=> $ *T * /u# * Tfr&W&r 5 K: fc 

i A ft 5 mm £ ffl v * 5 r i: £ f 5 * A-tfV®^ 
^X/K7)^jg^-jfejb^P 5 ttTV>5 (#^Bg5 7-3 5 8 
5 9f) 
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(*RfM 2000-154164) „ 
[0 0 0 5] 

ffi-e^tf fe tiT v * 5 ftM&Etti^Tfi t ftfcttHStt* ft 
[0 0 0 6] 'tfot, **WO±4l«ltt, «fc0*«Ei& 
[0 0 0 7] 

[0 0 0 8] -fftfr*>, *3SMli» TE»*A#>t^ 
* x ttlKArf # A** >m * -r /uo«[jg* j£ 

[0 0 0 9] 1. ggfjf^ffftTt-, TA-xt KtTA=> 

[0 0 10] 2. Mg, Ca, S 

r, Ba, Al, Si, Ti, V, Cr, Mn, Fe, 
Co, Ni, Cu, Zn, Zr, Nb, Sn, Pb, L 

a XtfCe it ia«35c*Sr^ttiMt:«»a»6><i: 

[0 0 11] 3. HflHMbtt&^^ Mg, Ca, S 
r, Ba, Al, Ti, V, Cr, Mn, Fe, Co, 
Ni, Cu, Zn, Zr, Nb, Sn, Pb, La 
Ce©'M< it lStS i iS:*trlMfctt:6»&fc5ai[ 

[0 0 12] 4. #S«^t«)fflff^» Mg, Al, T 
i, Zn, Zr, Nb, Sn, Pb, LaMCe»'> 

ft < £ fc l aSr-g-tfTk^ttft^oA^Sr^ y * 

[0013] 5. ^^7kmmt^(D^Mmtmm 

[0 0 14] 6. mllEJSl ~5K>V>-ftt^(C|EitK>*^ 
[0 0 15] 7. 7*7tFii7^KyS^^ 
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[0 0 16] 8. T^=>— yuriM 9 J — >\s]kX$=c9 J — 

wpt£< 1 1 1 «-efcafltflBi i f2ic<7)*^">^ 

[0 0 17] 9. 7;uftKii7^nK>SW^^ 
n W ^(75/>7i <ttl ttlrfe?) mlierl 6 &M<»WM35 

[0 0 18] 10. TA-a— ^ ^St/^^ / 

-vK7V>ft< <t t l«Tfc5iif|fB56fe«W$Jig;frffi 0 

[0019] 11. i&fiSIMbffcfiftas, Mg , Ca, S 
r , B a , Al> Ti, V, C r , Mn, Fe, Co, 
Ni, C u , Zn> Zr> Nb, S n , Pb> La &T>* 

[0 0 2 0] 

•to ^V^^x^^-TSSJ^^fflV^^T'feo 

[0 0 2 1 ] & (Au) fi, ¥^Sl^6 nmJWT (0 
iL<tt5nm»T) t LtffttSo ¥ 

i:t 2 5 T# 5o TJSIl^ ff©TR*rt«FKiflHSix4 
»«to5fc£tt<DJt.Jl&.k0ilGl nmittt^lfl 

iSfit^SH, fittiro&JRtf^-SraiiSm^KaSS (T 

em) izkzmm^xv&mz.mAstf.i o omnm?®; 
[0022] mmmtmufct lt«, ft*©*^*^ 
t «) xt±mig D p p *f$ffl -r a r i ^r- # , m \z. pss $ 

m (~>y # • ta'S-*-, ^^-r • ->y ~>y * • -e 

i/^v/T^) . ^*y4V (ZSM-51) , ^y*- 
7^^y^r-h (MCM-4lf) , 3^|£#J («±, 

[0 0 2 3] *mmx-l*. M g> Ca, Sr, B a , A 
1, Si, T i , V, C r , Mn, Fe, Co, Ni, 
Cu, Zn, Zr, Nb, Sn, Pb, La&th'CeCD 
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[0 0 2 4] *55Wei±, t L/C, M 

g, Ca, S r , B a , Al, Ti, V, Cr, Mn, 
Fe, Co, Ni, Cu, Zn, Zr, Nb, Sn, P 
b, LaWCe»'M< thlUt S i £ &-&trlMfc 

[0025] ±immmm$m(Dmmkim£ft-f, 

[0 0 2 6] W*.ti* r»i5/fi«Sttji«i, M 
g, Ca, Sr, Ba, Al, Ti, V, Cr,Mn, 
Fe, Co, Ni, Cu, Zn, Zr, Nb, Sn, P 
b , L a RXfC e <thl n&^t!fcB&{k£® 

<v7kmmz •> y * £ »fc^fc*a#*i)i6 
[0027] ±aa«>t!feTffflv , »e,*L5fls-&*ttHssn 

fcv\, mil, 7k^{k#j^<7)«mft^ 
[0028] tmoimmk-k® Tk^ttT-fc^iiPfi 

[0 0 2 9] ±E*»«Sr->IJ *^g$-fr5*H:K^ 

W^ttftv^, iiflSfi^y * i o omi^ic^LTi- 
[0030] **sj!T'fi, mmmitmrnn^Kxh 

5rti5gjL< > Wt-t^JtSffiiS (BETS) ^ii 
# 5 0 m 2 / g JW±, iinOOmVg W±T*fo5 r. i 

40 [0031] ttmmmztottz&mfflt+to&n* 

to. o i ~2 omsgnm^, #{ro. i~ioa*gp 
[0 0 3 2] *|SKttjiro»it^feii, ^3fS^S«*i 

50 tfffliUEifc*ffl^T*»Wttfcfc»j£-t- 
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[0 0 3 3] ±fECD&&^tr*^4fc^Wi*^ttT?& 

ixtfpssstbftv^ ^y^tf. f F7^o^ (no m. 
th [a uc hi j . xh^^Du^ (in) in-ny 

9 A TNa [AuClO j , isisTSte (I) y 
A l"K (Au (CN) .] J „ i?if^7 5>^ (III) 
^&\YM r (C 2 H S ) 2 NH [AuCh] J ^CO$g{* ; 
•>TXt4 (I) #o^k^4ft)i s ^»f fettS. -it few 10 

[0 0 3 4] ±fe*^co£Mii, fflv^ft^©S 

ffl^ttO. l~10 0mmol 
S'5~l OgS, L< (16~9£0®iart[>l^:Si-H 

#y Maw-hy**, ft**y»>A. t^-t 

T/I^yxiilfctt:, ^StCjSCTTK^rof^J-effifflL 20 
[0 0 3 5] <£ 0 , ±!B*^fc#!fifet!feSiJ£8£ 

T<^*P (75 1 «I ii TtJlSfa CO 4" frb iiHilW-ftud^V \ 
^<75*^^->14#ffiStt^J ; * y T;u=5f y 3- 

/K #y ^v-j^uw — Wi;- ^f©y 30 

*;W<y-\£>aA'7t>y&R.Xf*:<Di£, ^Kf$t8£(_hC0:B: 

[0 0 3 6] #ffi?£tt£iJco<£ffl*li, 9tM©^»14, ffl 40 

5 iifif f±#B5SttSlO»S*S 0 . 1 ~ 1 0 mm o 1 

[0 0 3 7] ±S*jS»tfi^i-5*MI«Mt*ffi*tt, 

fEllftco^fflitt, ±3E*ig«©*£, fflV^a#Oi 

flitiffift £l£[c{2, ^Si^CT±|H*jt« 

SrJpaLTt&V^ rcoJ§-£cofi,g{i, If 10-10 
0X:n&kirtvt£&\,\ 50 
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[0038] m^r, ^<D&®.mmm#t&*^t!7i<. 

[0 0 3 9] JfeV^T?, ±|E®^# (^I^ktt) 

»HftLT^LTt^V\ ij£fl*ifij*H\ a#l 5 0°C* 
mt-i-tlti&L^. ttfiJtfiSfl, iif 1 5 0~8 0 0tg 
L< {12 0 0-7 0 0°C N ftfc&*L<tt2 5 
0~6 0 0*C£1-axfi&<>\, - w?afi4EHrt-eHff£co^: 
««»^ i«#6>ix5 «fc o fctti3IM&t*ttf 

[004 0] #3SK0>ttlitt, Bfe*0)#*ET^ T/Uf* 
fc Ki7y^ — ^SrEfS S * 5 r i [- J: *) * ^ 

? $ V a u 4 y t / ? J — A* k CD Jx St «t <9 ^ ^ ^ ^ 

^yu-H:^t5i^> yy ^-^.-tf-^i^ ^y- 
cosjsi- <t *) ? y t^->s> f-^&i&tzWi^ 

[0 0 4 1 ] #{c, v- y > y * «r^trte^(c 

~> y /Wbsaa lt t sv\ frfrzamK <t o TjWKtt 

co(6]± N *#S^ttco3feS^$ria5r tiSprtg-c*5„ 

2. ^/u^vil^^x^coisjjg^-fe 
*^pjco^^^>^xx^co^ig^-ftii, 

«r k*<$'&k-rz>, 

[0 0 4 2] ifET^xt LT(i N ^x.tf *A-i»T 
;i/ft H\ T-fe F7;tft K, 7°Pft>7;i'ft H\ 
^y7fWftF\ i/y^-^if-^K tVU/^Urt 
K#C0;^^#: 1 ~ 1 0 (DhmmT^H K ; o W 
y^^nl^^>, ^ n hy7Aft K^<7)jK*»3 
~ 1 0 CO a N jS - ^ta?BT7Ux t K ; ■<> XTjUf t 

K, ^y^-^if-^K p-n^^T^tK, 
O^SeTA-xt K^co(i*\ rjx^T^xt Kco^ 
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[0 0 4 3] ±fETA-=i — )^k LTtt, tPS—JK 

i ~ i o<DmsnMT^^—^ ■ =c-3-u>yv =i~ a-, / 

JWSPFgfrfaTA^ — A ; ^V^ATA^-AllcD^K 
TA^-A^^tfibttSo ff4L<li, 

Ate, ittxtt2aei±-efflv^r t^T-#5„ 

[0 0 4 4] ^©Sl^fetU BWiri-S*^ 

WT^, 7>3-/ui LT^ — A£-fflV\ft,fi&l/\, 
[0 0 4 5] 7^ft Kt7^3- ^troSJCfJ-S-ttW 

l-BB^Sftfci^a*, h*/TA-=i— A-ro^eAjfr? 

10~l/2 00gSWJL<, tflC 1/2-1/5 

•So 

[0 0 4 6] *^Kt?fl, h'tT^^— /Ut<D 

[0047] ±tesj^(i, tttasft, ^ttiRjc^ov^-r 
a^>#x, ^y -mkfcm#x#o*i£& 

[0 0 4 8] ±fSM^(D^i LTti, iS»iC. 0^ 

i/\ ttttfi, afti&J*, K»tf3smvf*u&J&tl 

[0 0 4 9] _hfe«^<75ffifflSii, 7^ft Kt7;W3 
-A tomtit , ttttoSSI , EJSftfWlE 

J&«FMXtt»««Fn (RJ6«rtW*«»/«ttl&*) i 
uo. 5~2 0B#F^St-Tix{iai/\ 
[0 0 5 0] K^ffiTj^St^tt, 7 Ax 

S^-ftUi'&K Rlfcl&mt. iIf£o~i 8 otg 

#4 L< (12 0~1 5 0TC£-f*Uf&V\, rwfSH 
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fi*OJEcoi/^tt-efcoTt,Sv^\ JlSteO. 5 — 2 0 
kg/cm 2 (y-v^iE) rofEHrt^jifiiT'fcSo 4 
fc, KJES^WpHfi, iiJ4^WJ^»Biffi<t ^ p H 6 

[0 0 5 1 ] ±|E<oRlS»J±, S*S*a»e>»«ESrd*L 

[0 0 5 2] ^le^S^it^feTlt^^?)*^^^ 

20 A{i, &UT?3;umm<nWMkt£Z>W&m*J-?-k 
[0 0 5 3] 

mimu&±.\mw$hx^z>^kfrh. 

/U7$^8t3LXTfr%£f$.-$-Z>tc!st)<Dmmk 5 
[0054] r^q^k, lf4liMbtt&^, M g , c 

30 a, Sr> Ba, Al, Si, Ti> V, Cr, Mn, 
Fe, Co, Ni, Cu, Zn, Zr, Nb, Sn, P 
b, L*RXfCe<D'pt£<kisim<07im&'£tsmft.Vs 

X.tf, Mg, Ca, Sr, Ba, Al, Ti, V, C 
r, Mn, Fe, Co, Ni, Cu, Zn, Zr, N 
b, Sn, L aRTfC e<D'J>t£< ki>im£^tf7kmk 

[0 0 5 5] 

[0 0 5 6] &48, satWXtfJttSEWfciarta^ls*, 

[0 0 5 7] $s{t;* (%) = ( l -b/a) x i o o 
50 jgfcsfi (%) = {C/ (A-B) } XI 00 
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IJX ^ (%) = (C/A) X 1 0 0 

A-$t, B : a#7/Vft K©*A«, C : £fiJcLfc;*7/U 

mmmi 

(1) tt^wpii 

1 0 mm ol/L Wtfrffc^gk-ki^ 5 0 0 m 1 £ 6 
5-7 0°C[-{£Rf 0. 5N*i<ttMJl>A 

(Sfp* TAC-1 2Rj ft£fc3«D 4 0 10 
g^WTtSAL^ 6 5-7 OTCKfittfLftasfc 1 «r 

0 0 ICC 1 0 Rf [H&j® U $ ibt-S^ 3 0 0 °CT- 3 f$ 

[oo5 8] z<Dtenmz.tsrtz&<Di®.nm&%;ytxB. 

tt^SIR* (T EM) rHF-2000j Bi 

»#0f, fimmi± 2ookv) onrmc 0 ) •eaB-s 

■eiS^K LTJ3 (J , WS2~3nmttat»?rt)0 

(2) ^yW^V^^x/KT)^ 

BufE (1) X''^hfhtz.^m^i (Au/ Y -7/Kt) 
^fflV^-C^^^V^^x/W^^ftoyto 30 

[0 0 5 9] 100ml 0$sfii#tt# h ^ 
t # V n W 1/ 1 . 5mK — /U 15ml &tF± 

iltt2k g/cm 2 iriPi±L7cm, lt#T8 0T;Sr 
JPfiU rw?aS5r2B#rat*J#Lfc 0 
HSU ^ J: 9 #BtU 

o w ycDUitm 8 8 %, > ^vi^ ^ ^ y u— h wiiw 

*&t/itx*{i^:ix^tv8 5%&t>*7 5%, ^dtkiKSl: 
^■k.yx»*?-A'*9ir V U- -hfe&Stttil 3. 6 mo 40 

1/h/k gHttttT-fcofc. 

[0 0 6 0] 2 

l fc*svvt\ &a£4bfe£>ft/££j&* 4 o o °C t 

LfcJS*»ttlRl«|CL-CAfiff» (Au/y-7/Kt) 

[0 0 6 1 ] rrofti#«t*si-ts^roft^a:S:*3tx» 

m^-mWB (T EM) -CiJI-tfc. A, 
fi-^-C 5 nmJWT<7)*i^@T'^^tScL-C^ 5 , fil^g 50 
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2-3 nmnm-m^h^m^n^n^^u ¥ 
m&T-m* 5 n m^msr t tmmxz 7c„ 

[0 0 6 2] (Au/v-7yKt) 

pvh^77^-fMLt -troiS** ^^aW 
^(Dfe-ffc^ 8 5%, ^ ? ? y U— h «iI*R*,&t>* 

JR^Ii-tiX-PiX 8 4 7 1 %, ^ffijttJSEmS^fc 19 

<»*?-jv* y I/- b£j#Sttfil 3. Omol/h 
/kg-«t'Jbofc„ 
[0 0 6 3] Hi£#!l 3 

Hi&ftl l ic^r, £S£fc4fe0ttj£&£* 6 o o°c t 
LfcJSA»ttlRl«»c L-CAffl«F* (Au/7-7/Kt) 
£$Sji£L7c 0 

[0 0 6 4] r«Ofi^«)^*5tt5^rofifiF*S:^3tXi» 
»WKi?»a£L*:IS*, fi*I^LT4. 6li%f 

fi^it^H (TEM) ti^fco 

3 - 6 n mWSL^ LTtS •) , ¥^fei^^ 6 
n mJWT-efc 5 C\ t 35ffitfg-e# 7c 0 

[0 0 6 5] rroiSjfi (Au/7-7^5t) 
^rofefc^ 5 l %, > 9 i? y u— h WiliR^.S.tK 

iR^n-tix-en 7 2 %&t>' 37%, mtf&mmm^ it u 

<D/?-/Ujl?? V l—b%.t$.miLn6. 7m o 1/h/ 
[0 0 6 6] Jt^iJ 1 

Lfcl5A»Htra«KL-C4fcfi«f* (Au/>-7;Kt) 

[0 0 6 7] ^rofifiFft^*5»tS^©fiJf*«:^Xi» 
»W»-J:9aiJEb*:»», fittest LT 4. 6li%t 
fco7c 0 47c, iOfiHtttwAtt^OttlB^WSraiiS! 
a^ll^M (TEM) T-p-ifCo ^w^m, ^»#<is 

6 nmSrig^S^^k*?, 6 nm^I 

[0 0 6 8] (Au/ T -7/Kt) 5rffl 

tro7c„ 4j*LfcRi6«*r*ifc«l tlUM^LT^^ 

XDfcitm 2 7 %, ^ 3vU> ^ ^ y U- h 
Um±^fl^fl 5 2 14%, *ffij»«E**S fc u 

(D^^-JV/ y I/- h^fi§ttii2. 5 mo 1/h/ 
k g-fi*«T'feofc 0 rwmO, W6nmJ' 

mm i ~ 3 tJt^-cuiiBSttas^a 
[0069] 2 
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LfcKa»ttB*fcL-C&&8Ptt (Au/v-7/^t) 
[0 0 7 0] r<0te#fcK48ttS&<&ifi#4£&ttX|| 

t^a«« (TEM) TH^fc ^WUS, A^K^Ay 

[0 0 7 1 ] ^<DMa&®> (Au/y-7/Kt) 

^Wfc^ 1 8 %, fvM h WjI#^&T>* 

VRmnzir^ft 4 2 %k.i/ 8 %, wiM^m*^ fc?)© 

y^/M y 1/- h£/&j£t£fil. 4mol/h/k 
[0 0 7 2] ^|J£#!|4 

(1) jteffiwiiM 

ffi^T^5-?A9;fcfpt)7. 0 3 g Sr-atf 2 5 
mlt^fU rffflgcovy ($£,&£ t*-*VT9h 

Q-l Oj I±->U->7ftfl) 1 0g£Aft, JifSTk 

Lfc 'J #j9ft2r 1 2 0 tt« 1 2 |R]ftM Lfc&. SJa 
^ 6 0 0t-(?4Bt^^L/£ o mtiot^ v^'J^tC 
T^^A/S^ftSA 1 -->y *ffiff5r#fc 0 
[0 0 7 3] © Aufigf 
MS. 1 0 mm o 1 /L Wffi-fb^TKSffi 2 5 0 m 1 L £ 
6 5-7 0X;^i%mLt£tfb, 0. 5N7K^k-fhy^ 
A7R^^fflV^TpH7^PSpL/c 0 ^WtR?§«^±IE 
A 1 — >y Himi 0 g£«#TW$AU 6 5-7 0 

0. 8L*J0*.-C*a-e5dlB««iLfc!ft, ±a*£l& 

»feixfcAHS£<k** i o cc-ei o&mffcftu £ 

t-^^4 0 0 o Ct?3B#Prg^-f-5^i^J; l 5, Al- 

^y#&*±fc&a*s#£ixfc&&j** (au/ai/ 

[0 0 7 4] ^WftS*t*i»t5^»&fif*S:**Xlft 
3MffKlJ:«J8!l3£Lfcig;£, *a#fC*tLT4. 5li%T- 

^S**t (TEM) ^P-ifc 0 -tOSgJft, ^HfcA/if 

-3 nmffitl^^toil^gM^^L, 
S^giS 5 n m«TT'fc5 d t i«*BT?#*: 0 

(2) *;^>Sx^r^ro^ 

tufa (1) T?Wfe*tfcAfi«f» (Au/Al/->!)*) 
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[0075] 100ml Hlto^Mt ^— N ^ ^£ 
^?pK>1. 5ml, y ^ / 15ml Rt>*Ji 

te&fif^ (Au/a i/->y *) o. 5 g £Atvt^ 

mLtz 0 Irt^t*tt2 k g/cm 2 lCjDl± 

Lfc„ ^roi, ftiflU PjWU ttjfiU: 

K J: 9 U ^pv^77^ -T*#Dt 

(omtiimR-tfi&mttiX^IX 8 8 %s. 
10 t/6 6 % fc 9©^W?^!Ji'-l> 

£fi£igt£W: 1 2 . Omol/h/kg-iHIffcofc, 

[0 0 7 6] HJ£0!| 5 
58&T/P?-?-6.9*?n^7. 0 3 g Sr-^tf jtogjfcoft 
J^^tf^yf h7n-yh^K3. 5 5g£-^tr 

y ^ y mum 4 1 mmi- lx 
t i uum^mm^fit-Mm^ (a u /t 

[0 0 7 7] rroft^fc:&tt-5&0>&J$*«:3cftXi» 

20 fcofc TitWill, tmrp4. 9li%tfc 

=HfmML (TEM) T?W«fco &#«£A^ 

gas 5 nmWT-efc^r ti>mmx%tc 0 

[0 0 7 8] ±.fZ&Uft® (Au/T i/~>y*) 

ffofc -t»*g*, /- * * d w ^<7)|gft;¥ 7 i %, y 
fvM * * y i^-hroW$Mfli^m8 7 % 
2 % % JWStttitfiis tz <o <d y ?vm 9 9 v \s— 

30 h£fifcigtefill. 2mol/h/kg-ft«tfco 

[0 0 7 9] HJfi^iJ 6 
^HT^5 = ^A9tK?P^7. 0 3 groft*5*){-ffi»3E 
$&6tK?P#I2. 2 8 gSrffl^fclliWi, H^iJ4ilHl# 
^LTZn->>y*fi#t&*Sfi«F$iX^teJ#4A» (A 
u/Zn/->y #) Sr^fc. 

[0080] rwgjf^i{c*j^5^roifl^*^)tx«| 

fcofc ZnMilt fefr^5. 0li%T*fe 

?mmm item) r-p-<fc 0 ^BtAy^ 

t^T5 nmft(T<Ogt^M-eS^L-Ct5t3, 

[0 0 8 1] ±ffi^jfl«F* (Au/Zn/->!)*) 
^THlfe^j4 t Pit LT*/^>Sx^r;W^M 

^y wil^Rt/KX^ii^tt^ti 9 1 % 

RXf 8 8 *^ft6jSfi*^fc Oro^f/M^^Uw 
^ffittB16. OmolA/kg-ttlT'fco 
50 fc 0 
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[0 0 8 2] HJ£#'J 7 
«BBfcffi$& 6 2 . 2 8 g»ftb!l (CSB^7V^^6 

TL a AfiftK^iSfiif (Au/ 

La/->PA) fcfcfc. 

[0083] ^<Dfemmz&tfz&<D&ftmzmitxB. 

fcofc. La^Tifi, ffift^5. 0li%t*fc 

^sis#fc (tem) p^/c z<D%am, teimtAsH-f io 
as 5 n mOTtfesr t 

[0 0 8 4] ±fE&ftfiM& (Au/La/->PA) 
^Tj|J£0ij4 £ LT^/^^^^^/KO^^ 

^^!)u-h wSft^&tfilX^fi^ft-eix 9 2 % 
&t>*9 1 %, Witt^fii^yc 19 ©^f;M ^^yw 

h£fi£JStettl6. 5mol/h/kg-»«ffco 

[0 0 8 5] HJg0i| 8 20 
ffiifeTVi'S =-?A9*fn^7. 0 3 g O-ftfc *) izffimt 
VVJ* 5 7k?P^I 1 . 4 9 g £rfflV*fcfi:Wi, HJfe^l 1 t 

(Au/Ce/VW) Sr#fc„ 

[0 0 8 6] rrofiKF«lt*JltSA«)fiKF*S:^3tXitl 

fcofc 0 CeMII±> tlft^4. 9ll%ffe 

^StWft (TEM) T'p^fc ^fStAyf 
■f^T 5 nm^TW^gT^tScLTjofJ, 30 
gas 5 n mJ^TTfc 5 £ <t iSfl|S5tf# fc D 

[ 0 0 8 7 ] ±.n&&ten m (Au/CeAJA) 
I^THi&#!l4 t^JCfr^/^V^^^CD^?: 
tT-ofc 0 l~ri/0)<Eft;*6 4%, ^ 

^ 1) h^g^&tfJlX^fi^ft-eftS 7% 

h£/£ffit*fil 0. lmol/h/kg-ttlffeo 
fc. 

[0 0 8 8] HJ6$J 9 
ffilT^ 5 - ? A 9 mm 7. 0 3 g CDftfr fj £I|FttJ& 40 
3 *?P^ 0 . 9 2 g RUtftiH' '>7A4 *f m 1 . 
7 6 gSrffl^fcli^U, HJ60U4 fc^fil^LTP b -M 

g/->y*m#^^*sfi»*^^a«f» (Au/Pb 

[0 0 8 9] rrofflJ#«)^*JJt5tferoffiit*S:^3feXiSl 

5. om*%st>'2. 0fi»%T-fcofc 0 ]£;fc s rwfi 
froro&Xao:Rtt4Mff*ffl£tt?Kflttl (TEM) 

T-p^fc ^MSiA^-T^TS nmJWT<D 50 
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[0 0 9 0] ±fE^S^ (Au/Pb-Mg/i/P 
A) £fflV^THJ60l|4 tlRl«{-L-C*^V^x^U 

3 %, p< ?^yu-F Jfc^fi^ft-?-* 
*L9 2%&tf 8 1 % x JftftttttSft^fc «3 ©^f/M * 
U-b±f&mm*l 3. 9mol/h/kg-»I 

[0 0 9 1] MMM 1 o 

Hi60iJ 7^j3^T, ffiH7V*^6*?n%l. 5 6gA> 
P>3. 1 2 gfcgCTS £ £ fcfC, La->!)*«fffl 
* 1 0 g & 5 g fcfcX UfcB*»tt, *Jfe#'J 7 £ L 
TL a #ffi#fc&a«&#£jxfc£S8Mfc (Au/ 

La/->PA) £#fc 0 

[0092] ^<Dunmcmiz&<»uwm* i &%it'& 

»W^J:0WSL.*:fi*, }IftlC*fLT8. 4li%T* 

flrfKIMfc (TEM) -em^tCc -t«>ilSS\ &mztAj 
t'-f^X 5 n mUT<F>1fitf-&X'nftnk LTio «J , 
=Fm&5nmUTXhZ>Z£AmmX'Ztc 0 

[0 0 9 3] ±.%^Mmm (Au/La/->5A) Srffl 
t\ l*iJ±3kg/cm ! • SJS^fM 1 i: bfc 

y ^ ^ y U'— h wa^^&ufjuisptt-tix-pn 9 3 
%&t/ 9 1 %, mtLmmmA^tc <o n^=r>v^ ^yu 

- h£fiJt&ttli3 3. Omol/h/kg-»Itfco 

[0094] mmm 1 1 

nifew 1 0 t* mbmz.m&*m\<\ / 9 9 o w > 3 . 

0 m 1 7At>V ?y-/H2mlt Lfc«i»tt, Hffi^d 1 

^ y hroSW^Rt^JR^tt^ix^s 9%^ 6 9 

tttt5 0. 4mol/h/kg-ttlf*ofc„ 
[0 0 9 5] Hife^j 1 2 

0 <b LX*;i'#>m^x J r;w£l&lt%m Ltc e 

9vu— VDm^mm^um-i^^tts & %ru4 6 

%, ¥(4«SSE**^fc 9 9 9 y H^fifeS 

ttl±4 5. Omol/h/kg-Mfifcof;, 
[0 0 9 6] HJfeftl 1 3 

W^-/?)c^tTofc 0 10 0ml|HlfeIM#t-h^l/- 
^T^cWyi. 5 ml, ^7-/H5mlM 



15 

±ffi&&KMfe (Au/La/->U*) 0. 5g£Atvt 
fcifLfc. &1^T\ Irt?:K«it3kg/cm 2 (;tt 

J#Lfc„ #SPU HSU nmkBU&mt&z 

flfLfc, 7?nWV©6ft*9 5%, y^ 

^T* 'J U- h»ilW*S.t>*l|X*ft^nm8 4% i ftl* 

8 0%T-&ofc„ 

[0 0 9 7] HJd#J 1 4 
HJ£#Jl OTlffctLfcfiijfi^ffl^T^^/JtV^^^yw 10 

4 0 % ^ U ^-drif'-^7k^ 2 g , p« ^ / -A 1 5 
mlW±lEMfi* (Au/La/'>!)*) 0. 5g 
SrAftT^itLfc ^?:i*(;T3kg/c 

H$IB«HrLfc. ^<75$, ftSU W#tU ftfe^iKJ^ 

^ y ^-^f-'-/K7Dfeft^ 53%, ^ y ->^g£y 

^^KOJUR^XVlR^tt-tiX-rn 8 7 4 6 %-?*> 20 

o7c 0 

[0 0 9 8] 1 5 

^t'^lIU ™iM££2 8 0°C^JpSftLfc«ffiT 

y ^->7 8tm%tti-z>^ y 9 

97y-T*##rLfc 0 -?:0>*SS, yy^-drlf-^rofeft 30 
* 7 5 %, it y ^$y fvWit^*&t)W«^ 
ft-^n.8 2%£.T>*6 2%-efcofc 0 
[0 0 9 9] HJStfJ 1 6 

O-S-fiESTfrofc. lOOml0|iI#tt^t-F^L- 
7"f/P f^TA-Xt K2g, x^;^-;H 5ml& 
T>*±ffiMif#^ (Au/La/->!)i) 0. 5g£AiX 
TfSLfc. 2fcV^-e, Srt^Sitt3kg/cm ! f 

«fifbfc 0 *<dh, #±pu mmu mmtRfcmtz 40 

9 0 "/o&tf 7 5 o feo 

[0100] mtw 1 7 

T'^^ y7*f^7/l'7t K2g, rt^y— /H 5m l & 
t>*±ffi^}fi?S^ (Au/La/i/Ji) 0. 5g£Aft 
T*»Lfc. Jfc^T?, Sftlrill:t3kg/cm ! |; 50 
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{£&Lfc 0 ftiPU M&U ttflEi: 

0%, W ygg^^cDS^S.t^Wli-?:tL-? ? tL8 8 

[oioi] 1 8 

»^-fife^fTo fc. 1 0 0 m 1 HJiEjfMWt:*— h7U- 
^■{C^^XT^X t K2 g, 1 -7*P/</^l 5 m 1 
S.t>*±fBMB^ (Au/La/->!J*) 0. 5 g £ A 
ftX&mi,1t 0 &i^T\ ^rtSr^*(^T3 k g/cm 2 
i-JPffiLfc^, flt#T7 0"C|,lJPi&U ~ro?&Jg£4B# 
IB««rLfc 0 *0>&. ML, HI&U «jK££JE»£ 
*6iit^J; !J#«U S)£;i^^pvh^77^ 

%, ^S#®?7 P o t°/L-roaW¥S.t/J|X¥li^tL-?:*tL8 8 
%S:t>*7 0%T'fcofc 0 
[0102] HJfe^il 1 9 

(1) mmowM 

1 0 mm o 1 / L ^{fc^Tki^flS 5 0 0 m 1 £ 6 
5-7 0^:^1/^^ 0. 5N7kSHM- h y 

«*trtr«f-^=-T t?SL hVtt«) 1 

0g£Jt#T(-&AU 6 5-7 0°CS.t>*pH7~8(c 

L *rJPx.-C^ia-e5»IB«#Lfctt, ±jS*£Bfcfc-r3 
4:V^5i!fc*lS«r3|Bm«JiSLfc 0 3iSfc:.fco-C 

tc&mmmz 1 o ot-ei ottmgjfcu ^^(-^m 

±KAa«ffl«f**lfcAaKf« (Au/f^7) 
[0 10 3] n©fflJ#«t43»tS^<DfflJ#*Sr^3tXj| 

m^siw* (t em) ti'tfc. ^ro^m, ^7)5|^ < ^^ 

f Sis 5 n mHTffcS r i iSfBSft t. 

(2) TJy^V^xx/KD-g-^ 

Suffi (1) Tltfen^Mfi^ (Au/f^7) ^ffl 
1/ 7J/U/K y^^i x TVKD^-fijt&fro 7c 0 
[0104] 100ml h ^ U-^'i- 

^!>pW>1. 5ml, — /U 15ml Rl$± 

B&fflWrtfcO. 5 gSrAnr^^tLfc. *V^T•, ^rt^r 
iltt2kg/cm ! tJDffLfci, a^TSO'Cfr 
JP?£L, r.(73?£JSSr2B#ra»»L^ 0 ^roft, &*PU 



(10) 
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<9 »^f;M <J L h^J&jSttfil 2. 2 mo 

1/h/k g-^-C'fco/c 0 
[0105] HJfeflSJ 2 0 

1-^3-7 (y-h^ttK) ^ffl^/c{5^{±, HJSfliJ 

nm (Au/-^3-T) ?r#/c 0 

[0 10 6] r^fe^w^its&^ii^iSr&ftxii 

^tfr^i^JSLTfc&fS, LT 4. 4fi»%T' 10 

m^mum (t em) xm^±o &tmtA; 

b*-r-<X 5 n mSlTtDtiL^'&XMft®. LXjo <9 , 

[0 10 7] ±Ifi^fif$#> (Au/-^3=7) Srffll^ 
THJS#] 1 9 t fflMiC LXt)JU7ii>m=^^^^^ 
tfo/c 0 #fett7tS£»ll;te#'J 1 9 tmm^L.X^'^ 

-Y 6 9 %, ^ fvM <0iI«*,S. 

tMX^tt-tft-Pft 8 3 %,5.t>* 5 3%, WSte^fi*^ tc 20 
"Pro^^vM^ !1 h£/&et±fi9. 6mol/h 

[0108] ^ffiW 2 1 
(1) 

ffiBS©; 9 7fcFB#> 4 0 . 4 g&l>*^fc£^4 7lcfi*0. 8 
Sg^ttU 7 01:^^^^*^5 0 0111 1 
K^th^Al 9. 6g^tU 65~70t 

tJPM^ixfczlq^ 5 0 0ml te9LWT1fo i ^P^ttr 

r£4££W£ 0 ^©t, 6 5~7 0*ClCfcftLt£ti^M 

wzmrt±&, &isftMiz£*)±.mwizmfc^± 0 1 30 
0«Di£L/d£, mbthtzmmft* 1 2 ot:-?i 2n#ra 

<i£glU £ib(r^a*4 5 ot:-e4Bfr B 1^1-5^ ifc 

±9, mim±iz&timft£frtc&mftV!i (au/f e 

[0 10 9] rw&fttttefctta&ro&SFiSr&ftXill 
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m^-mum, (tem) t-p-</c 0 -t<o^*, ^fstA/ 

if-r^-C 5 n m^TW^ST'ffi^ffc LT *5 0 , 

(2) #^#V^:3i;*7VUD<g-J$ 
HtllE (1) T»»fe*T.fc4fefi*M(J (Au/Fe^O 
^ T * ;U Jj? ^ 7 1 /KO^eK £ ft o fc„ 

[0110] 100ml |Hltej*#tt-#;*— h * u— /f;: 
^^nl//fyi. 5ml, J — 15ml &t>*± 
!E&iS#4*K). 5 gSrAturft^Lfc. 
f*|:t2kg/cm ! |;»)iLfct < MWT sort- 
MfiU r 2 HtlfflffcitLfc. *:<0gL ifciPU 

¥&l>*J|X*fi-?:ft-m8 7%&i>'5 7%, WSLm&BM. 

— h^J&Stttel 0. 3m o 

l/h/k g-tt«E-c?fcofc 0 

[0111] HJ60i| 2 2 
fH60t|2 1 MS^T, SBiltJc 9 Tkft* 4 0 . 4gtfti 

xmmmz 6 *fp^ 29. 8gtu *e^H47kfp4fe 

0. 88gi>t)0. 5 1gtfIU &.Mi-bVVJ*l 

9. 6 g ^i3. 2 g i Ltfi^u, mmm2itmm 
icLxmit&®±iz&mm£titcMmvo (au/z 

nO) 

[0 112] £0>fi#*»fc:fc»*3&<Z>ffi#*&&3teXi|& 

m^SKMft (tem) -cp-<fc 0 z<d&^ &mikk 

t'lT^-X 5 n mJWT^^^-eSS^ifc LT*3 "9 , 

[0113] tuMmm*m^x$m.W2 itmm- 

^ fvu> y u~ K7)aJ5*XTJfJR^H:^ix-pn8 1 

% &i>* 6 0%, ^fiftfe^S*^ tzwt ^>v* 

-h^SttillO. 9mo l/h/kg-SiIfJ,o 



(51) Int. CI. liSIJIE# 
C 0 7 C 69/54 
69/67 
69/78 

// C 0 7 B 61/00 3 0 0 
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[#«»jE»] 

[ftffiB] ¥j*20^2^ 1 0 (2008. 2. 1) 

i^mmiE 1 ] 
[ii^ttts*] w m m 

[i£*ife] 
[SSIfflrtl] 

[ # it * to m m ] 

[»*3SJ_] 

(1) f^ai^^Hb^fift^s M g , C a , Sr s B a , A 1 , Si, Ti s V s Cr s M 
n, Fe, Co, Ni N Cu, Z n , Zr, Nb, Sn, Pb, LaR,I^CeC^^<j: 

( 2 ) g k g as > ffi s j£ -e fe a . 

[ Iff **g 2_] 

& ttS IHfc $9 ft f£ tf s , Mg, Ca, Sr. Ba, A 1 N T i , V, Cr, M n , Fe, Co 
, Ni s Cu, Zn, Zr, Nb s Sn, Pb, L afilf C e ffi'>^£< i t 1 i t S i t 

[ It * II 3 ] 



(2) 
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tt2 ic IB to ^;ut:yjxxr^g)iS^feo 



T/l'T t K # m fjj m T >\> =f t K jo i U a , /? - 




iltffts^fc < £ h 




AS i£ T 3 — A- T' & 5 


s ft * II 1 ~ 3 <73 V> 




o 




[ ft * II 5 ] 

Iff * II 1 ~ 4 <D -f ft ^ \Z. IE *t CD * # >- 


* X fr<D m it * ffi ffl 





g a: -a- g m » at . 

[^«iI2] 

[ ffi I *t * # « £ ] 

[ *t jE *T * ^ S * ] 004 2 

3E5E 
[ ME co rt & 1 
[ 0 0 4 2 ] 

±ffi7A'fk Kt LTtt, m 5- fi * A- J* T A- 7* t K , 7-fe hT/vft K, 7d t'*V7^ 
7* t K , y ^7^f t K , ^ U if — A- s fc° A- A- 7* t Y ^ <D m.BW. I ~ I 0 <D 

m ffi m T A- t K ; 7 ^ d W'f y, * * * n w >f > . ^ n hy7^ft KUEWj^3(SSfe3~ 

1 OCa, /3 - ?F £S ft 7 A- 7=' t: K ; X 7 A- fc H\ p_— * h v"< y X 7 ^ f t K, 

h yu 7 A- t K , 7^;u7^f t K^roiS*S6~2 0«f f ^7^7 t K^roiii\ r 
jxt7^f t K©i^ftASilf f>Ji,5 0 »S L< It, iKl7yuft F\ a , 3 — US f n 
7;i-f t K ^ 2* ffi ffl t? £ 5 „ r ft 6> T A- "f t K 12 . liXI±2iHJ:t-ffl^5IiiiT^ 
5 „ 



